Abstract. Biodiesel is produced by methanolysis or ethanolysis of triglycerides, and there are many factors affecting the transesterification process. The most important variables of the transesterification reaction are as follows: quality of the oil, catalyst type, concentration of catalyst, molar ratio of alcohol to oil, temperature and reaction time. The literature studies show that there is not a generally accepted procedure for the characterisation of transesterification reactions results and catalyst formulation activity. Therefore, even the evaluation of the usability of the most utilised industrial catalysts (sodium hydroxide and potassium hydroxide) is inconsistent. The experimental investigations of the transesterification reactions of high quality rapeseed oil in the presence of the above mentioned catalysts by change of all the variables allow us to regard two different characteristics of each reaction (reaction yield and process yield) that has to be determined. The comparison of these two characteristics gives a new instrument for classification of catalyst formulations. In the case of high quality rapeseed oil, sodium hydroxide and potassium hydroxide have shown a similar activity. Sodium hydroxide is more preferable when the concentration area of the used catalysts is low, but potassium hydroxide -at the high concentration area of catalysts.
INTRODUCTION
Today fossil fuels take up 80% of the primary energy consumed in the world and up to 95% of the energy consumed in the transport sector. It causes enormous greenhouse gas emission, global warming and climate changes [1] . The increasing global demand for energy and especially for fuels in the transport sector, depletion of fossil fuel reserves, climate changes and insecurity of import have necessitated the search for the alternative and renewable liquid fuels. Fuels derived from biomass sources are environmentally friendly, and expanding their use is a very promising way for reducing the petroleum-based fuel proportion in transport and reducing the greenhouse gas emissions from road and non-road vehicles. Biofuels are classified as biofuels of first, second and thirdgenerations. The most well-known first-generation biofuel is biodiesel. It is a renewable fuel produced by the transesterification of vegetable oils, recycled cooking greases and animal fats. The process of transesterification of triglycerides takes place by the usage of methanol or ethanol and different catalysts (homogenous basic, homogenous acid, heterogenous basic, heterogenous acid or enzymatic catalysts) [2] [3] [4] [5] [6] [7] [8] [9] [10] . The yield of the desired product as well as economic and ecologic aspects of biodiesel production depend on the quality of the catalyst [11] and the other transesterification parameters such as the quality of oil, catalyst formulation, amount of catalyst, molar ratio of methanol to oil, reaction temperature and reaction time. The most popular catalysts are sodium hydroxide and potassium hydroxide [12, 13] . In this study we have used a high quality rapeseed oil for the investigation of biodiesel synthesis by the use of sodium hydroxide and potassium hydroxide as catalysts. The goal of this research work is to find new aspects in the evaluation of the specific character of the two most popular homogeneous basic catalysts.
MATERIALS AND METHODS
The experiments were carried out by variation of all the parameters of the reaction such as: methanol/oil molar ratio, reaction time, type of the catalyst and its concentration. Refined high-quality rapeseed oil was purchased from the local producer JSC Iecavnieks. Methanol (98%), sodium (98%) and potassium (98%) hydroxides were purchased from Aldrich. The following reaction procedure was implemented: 100 g of the rapeseed oil were weighted in 250 mL three neck round flask with a condenser and mixer. After preheating of the oil, the corresponding amount of methanol-catalyst solution was added by intensive mixing (600 rpm). Before the adding of reagents and during the reaction, keeping of the reaction mixture at the given temperature within limit ±1°C was ensured. The time was measured by a chronometer, and the starting point was the moment, when all the methanol solution was added. After the defined period from the adding of the reagents to the rapeseed oil at the selected temperature, the reaction was stopped by diluting the reaction mass with approximately double amount of water containing hydrochloric acid in the necessary amount for alkali neutralization. After 10 minutes of centrifugation at 9000 rpm, the top phase was separated and the methanol from that phase was removed by rotary evaporation within 10 minutes under pressure of 9 mbar. The weight of the obtained product and the content of fatty acid methyl esters (FAME) were determined. The FAME content was determined by FTIR and compared with the results of HPLC and GC. Chromatography analysis were performed by the use of Waters HPLC-MS and Analytical Controls All-in-one Biodiesel Analyser. Spectroscopy analysis were performed on the instruments Perkin Elmer Spectrum 100 FT-IR spectrometer with HATR accessory and Spectrum 100N FTNIR. In order to determine the concentration of FAME, absorbances at 1435 cm -1 and 6005 cm -1 were measured.
RESULTS AND DISCUSSION
The two most commonly used alkaline catalysts from the wide range of potential alkaline metal hydroxides, alkoxides and carbonates are sodium hydroxide and potassium hydroxide [12] [13] [14] [15] [16] [17] . Both of them are water forming catalysts [18, 19] and from the material cost perspective the sodium hydroxide is the catalyst of a better choice [4, 16, 17] ; nevertheless, the potassium hydroxide may have some other advantages [20] . As the obtained experimental characteristics obviously depend not only on catalyst formulation, but also on the other variables (quality of the feedstock, methanol-to-oil molar ratio, temperature and reaction time), it is very difficult to evaluate the advantages and disadvantages of the defined catalyst formulation. In order to elaborate a method for comparison of catalyst formulations in this research work we have investigated the transesterification reactions of highquality rapeseed oil with methanol in the presence of sodium and potassium hydroxides by the change of all the reaction variables. For the characterisation of the selected catalyst formulation we have used two different characteristics:
Reaction yield (% of FAME in the ester layer) is the ester content in the oil layer determined by chromatography or spectroscopy, after the two phases are formed without the separation of the phases.
Process yield (yield of FAME) is the ester content in the desired product determined by chromatography or spectroscopy after the isolation and purification of the oil phase, and the determination of its mass (m isol ) can be calculated by multiplying the reaction yield with m isol / m theor , where m theor is the stoichiometric (theoretical) mass of FAME.
The determined characteristics of the investigated reactions are presented in Table 1 and Table 2 . As it follows from the obtained results, both catalysts allow to perform the transesterification with a high reaction yield and high process yield. The comparison of the results for both catalyst formulations in processes with the same methanol-to-oil molar ratio, reaction temperature and time does not give the possibility to come out in favour for some of them. Within the experimental errors, both reaction yield and process yield show that the activity of sodium hydroxide and potassium hydroxide is approximately the same. The comparison of the process yield and the reaction yield for each catalyst individually, we can conclude that there is some difference between the two investigated catalysts. In case of sodium hydroxide, the concentration of catalyst was changed from 0.2 to5.0 wt.% of oil, when we compared all the obtained results (Fig. 1) , the correlation was not good (r 2 = 0.88). When we analysed the results of the reactions for which the amount of catalyst varied only from 0.2 to 5.0 wt.% of oil, the correlation considerably improved, thus, indicating that the soap formation at the high catalyst concentration area made difficult the separation of two layers and the process yield decreased. On the basis of the correlation of the reaction yield and process yield we can conclude that the higher limit for a linear area in the case of sodium hydroxide is approximately 1.5 wt.% of oil and only in this area it is possible to have the high process yield. The analysis of correlation of the reaction yield and process yield for potassium hydroxide (Fig. 2) shows that the correlation of all results in the catalyst concentration area of 1-4 wt.% of oil is better (r 2 = 0.922) and only slightly improves (r 2 = 0.94) by reducing this area to 1-2.5 wt.% of oil. On the basis of the reaction yield and process yield correlation we can conclude that the higher limit of linear area in case of potassium hydroxide is approximately 2.5 wt.% of oil and only in this area it is possible to have the high process yield. The comparison of all correlation parameters for the both investigated catalysts (Table 3 ) allow us to conclude that the activity of both catalysts is approximately the same. The higher slope for sodium hydroxide indicates that in the low catalyst concentration region sodium hydroxide is some more active catalyst than potassium hydroxide, but the difference in linear correlation areas shows that potassium hydroxide is more suitable for the reactions with a high catalyst concentration. 
CONCLUSIONS
For the characterisation of transesterification reaction of oils and fats in order to produce biodiesel, the determination of two differential experimental characteristics -the reaction yield and the product yield -are necessary. The first characteristic gives the information about the reaction proceeding, but the second includes additional information about the settling, separation and cleaning of the desired product. The analysis of those characteristics for transesterification of a high quality rapeseed oil with methanol in the presence of the two investigated catalysts shows that in the low concentration region sodium hydroxide is the preferable catalyst, while in the high concentration area the most preferable catalyst should be potassium hydroxide. 
